Consumer reviews, opinions and shared experiences in the use of a product is a powerful source of information about consumer preferences that can be used in recommender systems. Despite the importance and value of such information, there is no comprehensive mechanism that formalizes the opinions selection and retrieval process and the utilization of retrieved opinions due to the difficulty of extracting information from text data. In this paper, a new recommender system that is built on consumer product reviews is proposed. A prioritizing mechanism is developed for the system. The proposed approach is illustrated using the case study of a recommender system for digital cameras.
Introduction
Recommendation systems are programs which attempt to predict items that a user may be interested in, given some information about the user's profile. Most existing recommender systems use collaborative filtering methods, content-based methods or hybrid filtering methods that combine both two techniques. Collaborative filtering methods base recommendations on other users' preferences. By contrast, content-based methods use information about an item itself to make suggestions. Collaborative filtering approaches that produce recommendations by comparing a consumer's previous selections with other consumers who have made similar selections. Collaborative filtering systems overcome many shortcomings of contents based systems. These systems use a collection of historical rating data of m users on n products as input, which are collected by asking users to input the rating of the products as numerical values [1] . However, many consumers prefer to use free form of text to express their opinions. Produce review forums and discussion groups are popular ways for consumers to exchange their experiences with a product [2] [3] [4] . These consumer reviews and opinions published in various sources, including virtual community logs, discussion boards and e-commerce sites. There is growing evidence that such forums inform and influence consumers' purchase decisions [5, 6] . Despite the importance and value of such information, there is no comprehensive mechanism that formalizes the opinions selection and retrieval process and the utilization of retrieved opinions due to the difficulty of extracting information from text data. Adomavicius provided an overview of recent development of recommender systems [7] . According to his review, the recommender systems that utilize review comments using text mining techniques are yet to be developed. Ricci [8, 9] proposed to utilize review comments for product description and user behavior study. He believed the review comments could be widely used in recommender systems and result in better recommendations.
In this paper, a recommender system that utilizes online consumer opinions about the products is presented. The review comments could come from chat rooms or online discussion forums. Text mining techniques are employed to extract useful information from review comments. Ontology has also been defined to translate the review information into a form suitable for utilization by the recommender system. A ranking mechanism for prioritizing that information with respect to the consumer level of expertise in using that product has been developed. Figure 1 shows the system structure of the proposed recommender system. Different from other recommender systems, the system uses consumer review comments that are in free form text as input. In order to demonstrate the effectiveness of this approach, a recommender system for a specific type of productsdigital cameras has been developed. The rest of the paper is organized as follows. The next section describes the potential and value of consumers' reviews as information source in a recommender system and the measures used to calculate a rating of a product based on such information. Section 3 describes a case study in the digital camera domain and finally Section 4 concludes the paper and provides directions for future research. 
Prioritizing system for consumer reviews
These reviews provide valuable source of information for recommender systems. However automating the acquisition of such information requires innovative technological solutions. The consumer reviews are textual and unstructured sources that are particularly difficult to acquire. The effective selection/retrieval of consumer opinions entails several tasks, such as: 1) Representation of the information in a common format (ontology generation). 2) Computing the rating of the product from the opinions. 3) Selecting the most relevant opinion and making recommendations in response to a user request.
Representation of consumer reviews
A typical review comment could be like: The goal of this step is to find a suitable tool for extracting the information contained in the text and converting it into structured data, such as a form depicted in Figure 2 . Identifying an appropriate representation of consumer opinions that can be used in the system is a key problem. One way to convert these opinions to a structured form is to use translation ontology, which is typically used as a form of knowledge representation and sharing. An ontology is a collection of concepts and their relationships that can collectively provide an abstract view of an application domain [10] . Review comments are firstly mapped into ontologies to allow the ranking calculations become possible. In this application, the ontology contains two main parts: Opinion Quality and Product Quality, which summarize the consumer skill level and the consumer experience with the product in the review, respectively. Figure 3 shows the general structure of the ontology.
Figure 3. Structure of the Ontology used in the Recommendation from Consumer Opinions Applications
The Opinion Quality includes several variables to measure the opinion provider's expertise in the product. The Product Quality represents the opinion provider's valuation of the product features, which is highly domain specific. Section 3 presents the ontology developed for digital cameras reviews that are used in the study cases of this paper.
Rating the consumer skill level
The review comments were given by people with diverse experience and skill levels. In general, people who have longer history of using the product can provide more professional opinions. Therefore, these diverse opinions should not be treated equally. The opinions from more experienced people should be taken in account to a greater extent than those from people with little knowledge of the product. Opinion Quality (OQ) is defined to evaluate the weighting value of opinions according to the opinion providers' expertise. Definition 1. Opinion Quality (OQ) is the sum of the weight w j , given for each variable j representing the skills and experiences of consumer i divided by the number of variables representing the information about consumer's skill and expertise provided in the ontology. The Opinion Quality is calculated by the values stored in the corresponding part of the ontology. Detail definition of the variables is given in section 3.2. An Opinion Quality value is calculated for each piece of comment.
Product quality ranking
The product is ranked according to the consumer comments for each feature. Due to the difficulties of quantification of user valuation from texture data, each feature from the comment can only be assigned either "Good" or "Bad", which is calculated as "1" or "-1" respectively. For each feature, a Feature Quality is calculated, which is a function of consumer valuation and Opinion Quality. 
Selection of the relevant opinion and making recommendations in response to a user request
When a user requests the evaluation of a particular product based on certain features, the Overall Feature Quality is calculated from the reviews that contain the valuation of this feature. Definition 3. Overall Feature Quality (OFQ) is the global valuation of the feature from all reviews, which is calculated by the average value of Feature Quality.
Here Scaling Factor is used to do the minor adjustment of the user valuation, which can be set to:
n is the number of all the features rated by the consumer. Each review rated different number of features so n could be different. To provide the user with a comprehensive valuation of the product quality in related to the requested features, an Overall Assessment score is defined. Definition 4. Overall Assessment (OA) provides a final score of the product based on the valuation of each feature. It is calculated as the sum of all OFQ (calculated by equation (3)) multiplied by the Importance Index.
The Importance Index measures the different influence of the features to consumer's decision making, which can be assigned in two ways: according to the importance of the feature expressed in the user request or by the frequency that the features have been rated in the consumer reviews.
Case study
Case study was conducted using digital cameras. Data from the Digital Photography Review (www.dpreview.com) were chosen where each day consumers visit this page to rate and add opinions about different digital cameras. In this section, detail calculations of a user request were shown and recommendation was given based on the calculations.
Representation of the consumer reviewsDigital camera ontology
In computing ontology is a specification of an abstract, simplified view of the world that is wised to represent for some purpose [10] . Therefore, ontology defines a set of representational terms called concepts. Interrelationships among these concepts describe a target world. In this research, an ontology has been developed for digital camera domain. Each concept in the ontology was obtained analyzing the reviews from the consumers of different digital cameras from www.dpreview.com. Consumers can choose any digital camera and rate it on a scale of half start to four starts. They can also write free form text reviews about the camera. For the construction of digital camera reviews ontology, first was made a list of all possible objects necessary to cover given cameras reviews. This possible list should include different digital cameras such as Canon, Sony, etc. Furthermore, different cameras can be qualified by features such as size, zoom, lens, quality picture, etc. This information is represented by the concept "Features". And the different consumer's reviews can be qualified by opinions from beginners, professionals and by the level of expertise using digital cameras. This information is represented in the ontology by the concept "Opinion Quality".
Obtaining the Opinion Quality (OQ) and Feature Quality (FQ)
The Opinion Quality is calculated by equation (1) Feature Quality (FQ) value for each feature rated by the consumers is also calculated. For example as shown in Table 2 , John gave the value "good" or "bad" for each feature of the digital camera Sonny361 and his OQ value is 0.6. As described in previous sections, by assigning the value 1 for "good" and -1 for "bad" in equation 2, the Feature Quality for each feature in John's opinion are calculated. The same process has been applied to all consumers. The OQ and FQ for each review comment are calculated off-line to achieve quick response to the user requests. The recommender system requires from the user to input the model of the camera he (she) is interested and selects the features that he (she) is most concern. The features in the selection panel are the same set of features that is covered by the ontology. For example, a user request "I would like to know if Sony361 is a good camera, specifically its interface and battery consumption" is presented. Three keywords (Sony361, interface and battery) can be identified. Firstly, only the opinions for Sony361 are selected. In this case study, there are three opinions about Sony361's cameras: John's opinion, Karen's opinion and James's opinion.
Then the OFQ of each feature is calculated using equation (3). The Overall Assessment for the digital camera Sony361 based on the two features requested is obtained using equation (5) . The Importance Index was calculated in two ways. For the case of using the importance index from the user request where the user has expressed that the interface is more important than the battery, so the value of 1 is assigned for interface and 0.5 for battery. Using these values the OA for Sony361 camera is:
In the case of no user preference is given, the importance index are calculated based on the frequency of the feature being reviewed:
Where n is the number of time that the feature appears in the reviews and is the total number of reviews. Using equation (6) Assigned the value "Good" for OA and OFQ > 0 and "Bad" for OA and OFQ< 0 the Sony361 camera is "Bad" according to consumers' opinions. The response for the user request is shown in Figure 4 .
The best camera with the features the user concern is also recommended. The same process is applied to all other cameras review. CannonTW45 is recommended considering this information. The complete recommendation is show in Figure 5 . 
Conclusion
This paper proposed a novel approach to creating recommendations in recommender systems, which utilizes online consumer review comments. To the best of our knowledge, this is the first attempt to build a recommender system based on review comments in free form text. A ranking mechanism for prioritizing the product quality with respect to the consumer level of expertise and the rating given to some features of the product has been developed. The approach uses domain ontology to translate the information into a form that is suitable for processing by the recommender system. Such ontology has been defined for the domain of digital camera reviews and has been used for demonstration of the work with some examples. A set of measures such as Opinion Quality (OQ), Feature Quality (FQ), Overall Feature Quality (OFQ) and Overall Assessment (OA) have been defined to select the relevant reviews and provide the best recommendation in response to a user request. The recommendation is given based on these measurements. In the case study presented in this paper, the mapping of review comments into ontologies was conducted manually. The future development of the approach considers the automation of, this mapping process by using text mining technique. Also, the implemented system should be evaluated with the intended consumer groups.
